Purpose: Automated analytical systems have begun to emerge as a database system that enables the scanning of medical images to be performed on computers and the construction of big data. Deep-learning artificial intelligence (AI) architectures have been developed and applied to medical images, making high-precision diagnosis possible.
Introduction

Recent trends in AI research
It is well-established that automated analytical systems have begun to emerge as a database system capable of scanning medical images with computers and configuring big data . With the development of back-propagation deep-learning artificial intelligence (AI) architectures, medical imaging has begun to be applied and it has been reported that accurate diagnosis is possible. The most effi-cient model for image analysis is the 'Convolutional Neural Network' (CNN), a key block in the configuration of deep networks. CNN involves developing various optimization algorithms such as LeNet, AlexNet, ZF Net, GoogleNet, VG-GNet and ResNet. CNN is a powerful feature extractor with a deep layer that can extract features from images. 1, 2) Deep learning algorithms, especially convolutional networks, are rapidly emerging as a methodology for analyzing medical images. There has been remarkable growth in medical imaging analysis of the nerves, retina, lung, digital pathology, breast, heart, abdomen, and musculo-skeletal system us- 
The need for AI in medical imaging
AI research field
The deep-learning technology, known as the AI method, dramatically improves diagnostic performance by automatically extracting features of complex and precise medical images and comparing their differences. 3, 4) Image analysis by AI algorithm is superior to the traditional image analysis method. Automatically classifying skin lesions using images is a challenging task because the skin lesion shapes differ a lot, but they have successfully categorized skin cancer successfully. 5) When evaluating diabetic retinal fundus photographs, deep-learning using Inception-v3 architecture enabled diagnosis of diabetic retinopathy with high sensitivity and specificity. 6) Early detection of pulmonary nodules on a chest by computed tomography (CT) scan was performed using the Lung Image Database Consortium (LIDC) and the Image Database Resource Initiative (IDID) database for the diagnosis of lung cancer, and extracted successfully using the network back propagation algorithm. 7) CNN (Convolutional Neural Network)-type deep learning model, trained for large mammography lesions, is superior in performance to existing CAD system. 8) An automated detection system has been successfully established by studying the feasibility of a deep learning approach for detecting cartilage lesions in the knee joint with MR images. 9) PET images with low spatial resolution overestimated the volume due to the partial volume effect, but the optimal volume was extracted using the Artificial neural networks (ANN) algorithm. 10) Through the development of AI algorithms, the diagnostic performance of various medical images has been improved, and it is expected to be continuously introduced into medical image diagnosis systems because it has a higher diagnostic performance index than any other quantitative analysis methods so far.
Medical Image Diagnosis Using AI
For the diagnosis of medical imaging, there should be labeled and standardized big data, as shown in Fig. 1 . AI is generally a concept that includes machine-learning and deep-learning, and can be analyzed in various ways, depending on the characteristics of images stored in the database. The data is pre-processed in the same order as in Fig. 2 , entered into the deep-learning architecture, and final diagnosis results are obtained. The hyper-parameter is changed and the deep-learning result is checked and modified to optimize the parameter. In order to solve the problem of over-fitting due to lack of the sufficient labeled data, data augmentation is performed through rotation, left and right flip, and GAN.
Data sets
Although medical images are stored in the PACS system, they are almost useless data for AI analysis. In order to use medical images for AI, labeling, standardization, bounding box, and segmentation are required. These high quality images require manual work, which can be time-consuming and can vary, depending on the skill of the person. Standardized and anonymized well-labeled databases are very important for developing and testing AI algorithms that require big data. There has been an attempt to build a largescale database system through these complex processes, and to improve diagnostic performance through competition. These attempts have been quite successful and appear to be most effective in increasing diagnostic accuracy. To screen for severe pneumothorax, a total of 13,292 frontal chest X-rays were visually labeled by a radiologist to create a database. 13 Fig. 3 , shortening the preprocessing time for creating a standardized data set.
In recent years, an anonymous medical image database
Pre-processing of medical images
For quantitative analysis, an image was normalized using a standard affine model with 12 parameters using SPM5 software. 14) In order to use quantitative evaluation using machine learning, a pre-processing method, including the normalization process of image data must necessarily be included. Since the accuracy of the normalized image depends on the standard template or the variety of the process, there are considerable variations among researchers.
When applying an AI algorithm through a normalized image, the accuracy is generally increased. However, there is a lack of logical explanations and studies on why normalized images increase accuracy. Theoretical studies are needed, as well as empirical studies on the optimal pre-processing method for image analysis using AI.
The accuracy of the quantitative analysis has a considerable impact on the quality of the image transformation by pre-processing. In particular, the accuracy of AI analysis varies considerably, depending on the quality of medical images for applying the algorithm. The image transformation of the dicom file is linearly transformed using the return value of getOuputData function of a library. 15 
Data augmentation, model and parameter optimization
Generally, PET images do not have a large number of data, making it difficult to construct a database of big data.
In this case, data augmentation is performed through image inversion, enlargement/reduction, shearing, and rotation to randomly distribute data to perform AI analysis. Too 
Machine Learning
One of the most successful methods is the PCA method, which is based on the eigen-image approach. 22 
Application of AI Medical Image Analysis
AI in Brain Imaging
In brain research using AI, many studies have been con- classification is superior to other algorithm classifiers. 27, 28) It automatically segments the magnetic resonance (MR) images of the human brain using CNN. 29) Segmentation of striatum segmentation was performed using deep CNN, and the results were compared with those of FreeSurfer. 30) In the brain area, manual segments are time-consuming, www.ksmp.or.kr with individual differences occurring, while automatic segmentation has significant difficulties in performing in complex structures. Twenty-five deep-layers called the 'voxelwise residual network' (VoxResNet) were developed and successfully segmented automatically. 31) To demonstrate end-to-end nonlinear mapping from MR images to CT images, a 3-D fully convolutional neural network (FCN) was employed and verified in a real pelvic CT/MRI data set. 32) Input and output improved performance by using twovolume CNNs, and excellent performance was observed by evaluating the input and output forms in the MRI and PET images of the Neuroimaging Initiative (ADNI) database. 33) 
AI in Chest Imaging
By introducing the multiple-instance learning (MIL) framework, a de-convolutional neural network is constructed to generate the heat map of suspicious regions. 34) A unique set of radiologic datasets of publicly available chest X-rays and their reports were used to find and report 17 unique patterns by applying CNN algorithms. 35) It has been reported that the presence of interstitial patterns have been found by applying a segmentation-based label propagation method to a dataset of interstitial lung disease, 36) and it has been reported that lung texture patterns are classified using CNN. 37) A method for classifying frontal and lateral chest Xray images using deep-learning methods and automating metadata annotations has been reported. 38 
AI in Breast Imaging
Since most mammograms are 2-D and the number of data is large, AI images can be successfully analyzed using deep-learning in natural images. The discovery of breast cancer is the detection and classification of tumor lesions, the detection and classification of micro-calcifications, and risk-scoring work, which can be effectively analyzed by CNN or RBM methods. For the measurement of breast density, CNNs for feature extraction were used, 39) and a modified region proposal CNN (R-CNN) has been used for localization. It has been reported that U-net is used for segmentation breast and fibro-glandular tissue (FGT) in MRI in a dataset and accurate breast density calculation results are observed. 40) It has been reported that a short-term risk assessment model has been developed by achieving a predictive accuracy of 71.4% by calculating the risk score by implementing the mammographic X-ray image as a risk prediction module MLP (multiple layer perception) classifier. 41) Data augmentation using GAN is being applied in various areas of the medical field. 21, 49) In liver lesion classification using CT images, it was reported that the accuracy of 7.1% was increased when the number of data using GAN was increased. 21) In chest pathology classification using X-ray image, accuracy was reported to be increased by 21.23%. 49) It has been reported that synthesized images using GAN can be a method of data augmentation in medical image analy-sis. However, more research is needed to see if synthetic images can be used for artificial intelligence learning to determine clinical diagnostics that require rigorous accuracy.
AI in Cardiac Imaging
Increasing data through the GAN is still controversial, but it is a field of research that is needed. It is necessary to make the medical image stored in the PACS system into the im- ile. There is also a lack of logical explanations as to which process to diagnose. Although there is an effort to maintain consistency through data harmonization, there is the possibility that the overall quality of the image will deteriorate.
It is necessary to study the change of the accuracy by using the data whose resolution is decreased. It is necessary to develop algorithms that can recognize and generalize images of medical images with different resolutions or noise, but it will take a considerable amount of time. Nevertheless, the diagnosis of medical images by the deep-learning architecture developed up till now is almost at expert diagnosis level. In addition, many data that have not yet been analyzed can be discovered and studied with AI diagnosis, and this can accurately and quickly diagnose and improve the quality of medical care dramatically.
